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Abstract

BACKGROUND: Randomized controlled trials show that certain axillary surgical practices can
be safely de-escalated in older adults with early-stage breast cancer. Hospital volume is often
equated with surgical quality, but it is unclear if this includes performance of low-value surgeries.
We sought to describe how utilization of two low-value axillary surgeries have varied by time and
hospital volume.

METHODS: Women =70 years diagnosed with breast cancer from 2013-2016 were identified in
the National Cancer Database. The outcomes of interest were sentinel lymph node biopsy (SLNB)
in cTANO hormone receptor-positive cancer patients and axillary lymph node dissection (ALND)
in cT1-2N0 patients undergoing breast conserving surgery with <2 pathologically positive nodes.
Time trends in procedure use and multivariable regression with restricted cubic splines were
performed, adjusting for patient, disease, and hospital factors.

RESULTS: Overall, 83.4% of 44,779 women eligible for omission of SLNB underwent SLNB
and 20.0% of 7,216 patients eligible for omission of ALND underwent ALND. SLNB rates did
not change significantly over time, and remained significantly different by age group (70-74:
93.5%, 75-79: 89.7%, 80-84: 76.7%, =85: 48.9%, p<0.05). ALND rates decreased over the study
period across all age groups included (22.5% to 16.9%, p<0.001). In restricted cubic splines
models, lower hospital volume was associated with a higher likelihood of undergoing SLNB and
ALND.
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CONCLUSIONS: ALND omission has been more widely adopted than SLNB omission in older
adults, but lower hospital volume is associated with a higher likelihood of both procedures.
Practice-specific de-implementation strategies are needed, especially for lower-volume hospitals.

INTRODUCTION

Existing randomized controlled trial data suggest that omission of axillary surgery in the
following two instances do not portend a survival disadvantage: A) sentinel lymph node
biopsy (SLNB) in women =70 years with clinical (¢)T1NO hormone receptor-positive
(HR+), human epidermal growth factor receptor 2 (HER2)-negative diseasel and B)
axillary lymph node dissection (ALND) in women undergoing breast conserving surgery
(BCS) with cT1-2NO0 disease and with <2 pathologically positive lymph nodes on
SLNB.59The former practice (SLNB omission) is supported by International Breast Cancer
Study Group (IBCSG) 10-93 (published in 2006),1 Martelli et al’s randomized trial
published in 2012,# and long-term follow-up of Cancer and Leukemia Group B (CALGB)
9343 (published in 2013)3; the latter practice (omission of ALND in the setting of <2
positive lymph nodes) is supported by American College of Surgeon Oncology Group
(ACOSOG) 20011, published in 2011.% These axillary surgical practices were deemed
“low-value” by the Choosing Wisely campaign in 2016.10.11

Appropriate use of these axillary surgeries is especially important in older adults, as
>30% of new breast cancer diagnoses annually in the U.S. are in women =70 years.12
ALND has adverse surgical effects in up to 70% of patients,3 and has been associated
with significantly increased decisional regret in older breast cancer patients.1 In addition,
although SLNB is viewed as a low-risk procedure, the potential for bleeding, infection,
increased operative time, and lymphedema remain.13

Appropriate de-escalation of axillary surgery can be difficult among older adults as surgeons
must weigh numerous factors (e.g., uncertainty regarding effect of omission of axillary
surgery on adjuvant treatment, patient preference, contention with misaligned financial
incentives). Moreover, diversity of patient life expectancies, competing risks, and frailty
status create nuances in the relative risks and benefits of a given intervention, and may lead
to variation in practice patterns.

While these decisions are made at the patient-physician interface, there may also be notable
factors external to this exchange, such as hospital-related factors>-18 or time since the
publication of landmark data, affecting the uptake of a given practice. It has been previously
shown that higher annual breast surgery hospital volume associated with higher overall
survival rates'? and that significant hospital-level variation exists1®20 in utilization of
axillary surgery, but whether hospital volume is a proxy for quality with respect to the

use of low-value surgeries remains unclear. As de-implementation efforts aimed at these
practices evolve, it is crucial to understand at what level these efforts should be focused. We
thus sought to describe the variation in rates of these two axillary surgical practices in older
adults over time and by hospital volume.
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METHODS

Data Source

Data from 2013-2016 were examined from the participant user file of the National

Cancer Database (NCDB). The NCDB is a hospital-based oncology dataset that captures
approximately 80% of newly diagnosed cancer in the U.S.2! It is a joint project of the
American Cancer Society and the Commission on Cancer (CoC) of the American College of
Surgeons, receiving data from approximately 1,500 CoC-accredited cancer programs. This
study was deemed exempt from review by the Mass General Brigham Institutional Review
Board.

Patients

All patients =70 years diagnosed January 1, 2013 to December 31, 2016 who underwent
breast cancer surgery were identified. The study years were chosen to depict U.S. practices
after publication of the landmark data (i.e. publication of the long-term follow-up of
CALGB 9343 was in 2013). The populations of interest, which did have some overlap,
were defined by combining the pertinent Choosing Wisely recommendations!®:11 with the
population specifics of the landmark randomized controlled trials pertaining to de-escalation
of axillary surgery in breast cancer patients. The SLNB Omission cohort included any
patient with cTINO HR+ (defined as either estrogen receptor [ER]-positive or progesterone
receptor [PR]-positive)/HER2-negative disease. The ALND Omission cohort included
patients with cT1-2NO breast cancer who underwent BCS and who had <2 pathologically
positive lymph nodes, as defined by the ACOSOG Z0011 trial.5 As the Choosing Wisely
recommendation regarding SLNB in patients with cT1INO HR+/HER2- disease does not
specify breast surgery type, patients undergoing mastectomy were included in the SLNB
Omission cohort.10-22 Patients who underwent any type of neoadjuvant treatment, had
bilateral or metastatic disease, had a previous malignancy, were male, had an unknown
surgery type (i.e. did not explicitly have a lumpectomy or mastectomy, or, if undergoing
axillary surgery, did not explicitly have SLNB or ALND), had unknown HR status, were
treated in hospitals that were not present in the dataset for the entire study period, or
hospitals treating <5 cases/year, were excluded (Figure 1).

Variables

The exposures of interest were year of diagnosis and annual hospital volume, defined as

the number of non-metastatic breast cancer cases treated at a given facility divided by

the number of study years (only hospitals present for all study years were included in

this analysis). Hospital volume was defined on a continuous basis for the restricted cubic
splines modeling. For the purposes of modeling volume as a categorical variable in other
adjusted analyses, volume was divided at the 251 and 75™ percentiles (low: <150 cases/year,
medium: 151-433 cases/year, high: >433 cases/year).

Patient-level covariates included age at diagnosis, race/ethnicity, insurance status, median
patient zip code income and education level, Charlson Comorbidity Index score (CCl),
regional location of the patient’s home zip code, and year of diagnosis. Disease
characteristics included grade and tumor stage. Tumor subtype was classified by
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combinations of ER, PR, and HER?2 status, with either ER or PR positivity qualifying

a patient as HR+ (HR+/HER2+, HR+/HER2-, HR-/HER2+, HR-/HER2-, unknown). In
addition to volume, other hospital-level covariates included status as a minority-serving
hospital (defined as hospitals comprising the top decile of proportion of black patients
treated),23:24 facility location (Northeast, Midwest, South, and West) and facility type as
defined by CoC accreditation status (academic, comprehensive community cancer center,
community cancer program, integrated network cancer program).

Outcome Measures

The main outcomes of interest were the proportion of women who underwent each surgical
procedure of interest (SLNB or ALND), among those eligible for omission.

Statistical Analysis

RESULTS

Separate analyses were performed for the ALND Omission cohort and SLNB Omission
cohort. We performed Chi-square tests to test the significance of difference in unadjusted
proportions of SLNB and ALND in the study population by patient, disease, and hospital
characteristics. To test the significance of hospital volume on axillary surgery use, controlled
for all other patient and hospital covariates, we performed random-effects multivariate
generalized linear mixed models to account for hospital clustering. Variables for this model
were chosen a priori based on clinical relevance.

To display the non-linear relationship between hospital volume and “low-value” axillary
surgery practices, hospital volume was treated as a continuous variable in restricted cubic
splines modeling. Restricted cubic splines modeling allows for a flexible, non-linear model
that demonstrates relationships without any presumption of arbitrary cutoffs.19.25 Figures
2a and 2b express odds ratios expressed with reference to the median hospital volumes for
each respective recommendation (170 cases per year for the SLNB Omission population
and 184 cases per year for the ALND Omission cohort) with 95% confidence intervals.
These models were adjusted for age, race, year of diagnosis, insurance status, education,
CCl, urban/rural status, tumor grade, subtype, stage, minority-serving hospital status, facility
type, and facility location. Given the large sample size, a 5-knot model was chosen with
knots at the 5, 25, 50, 75, and 95%.1925 All tests were two-sided with a p-value <0.05
considered statistically significant. All analyses were performed using SAS software, v.9.4
(SAS Institute, Cary, NC).

In total, 44,779 women met inclusion criteria for the SLNB Omission cohort and 7,216
women =70 years old met inclusion criteria for the ALND Omission cohort. Baseline
characteristics of the population can be found in Table 1. Overall, of the patients eligible for
the SLNB Omission cohort, 37,758 (84.3%) underwent SLNB. Adjuvant treatment rates in
this cohort are available in Supplemental Table 1. Of the patients in the ALND Omission
cohort, 1,446 (20.0%) underwent ALND.
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SLNB Omission Cohort

The rates of SLNB in women eligible for omission remained similar through the study
years (85.1% to 83.8%, p<0.05) (Table 2). Figure 3a show unadjusted rates over time,
demonstrating that SLNB rates in women eligible for omission were the lowest in older age
groups—particularly those =85 years—and with little decrease over time. Adjusted analyses
showed patients diagnosed in 2014-2016 had statistically significant decreased odds of
undergoing a SLNB compared to those diagnosed in 2013 (2013: REF; 2014: OR 0.86, 95%
CI1 [0.79-0.94]; 2015: OR 0.82, 95% CI [0.75-0.89]; 2016: OR 0.76, 95% CI [0.70-0.83])
(Table 3).

Figure 2a shows the relationship modeled by the restricted cubic splines model between
annual hospital volume and the odds of receiving a SLNB at a given hospital. Similar to

the ALND Omission cohort, lower hospital volume was associated with higher odds of
receiving a SLNB, but with a more continuous downward trend. In adjusted models using
hospital volume as a categorical variable, among patients eligible for SLNB omission, there
was no significant difference by hospital volume (medium: OR 0.96, 95% CI [0.83-1.13];
high: OR 0.86, 95% CI [0.69-1.08]), despite results of the restricted cubic splines models.

In addition, in adjusted models, women who were =75 years were significantly less likely to
undergo SLNB, compared to those 70-74 years (75-79 years: OR 0.59, 95% CI [0.54-0.64];
80-84 years: OR 0.19, 95% CI [0.18-0.21]; =85 years: OR 0.05, 95% CI [0.04-0.05).
Having no insurance or having non-private or non-government insurance was associated
with lower odds of SLNB receipt (private: REF; none/other: 0.59, 95% CI [0.45-0.76]),

as was having an income of <$40,000/year (<$40,000/year: REF, >$40,000: OR 1.16, 95%
CI [1.05-1.29]). Increasing tumor grade was significantly associated with higher likelihood
of SLNB receipt (grade 1: REF; grade 2: OR 1.34, 95% CI [1.26-1.43]; grade 3: OR

1.55, 95% CI [1.37-1.75]). Those with a CCI score of =2 were less likely to undergo a
SLNB (OR 0.60, 95% CI [0.53-0.67]) than those with a CCI of 0. While minority-serving
hospital status was not a significant factor, CoC facility type was, with patients treated at

an academic/research facility being less likely to undergo SLNB than those treated at a
comprehensive community cancer program (OR 0.67, 95% CI [0.56-0.80]). Patients treated
in facilities located in the Northeast were significantly less likely than those treated in the
South (OR 0.57, 95% CI [0.48-0.67]) to undergo SLNB.

Adjusted models stratified by BCS-only patients showed similar significant associations
compared to models using the entire cohort, while adjusted models in mastectomy patients
demonstrated that while SLNB use decreased with age (75-79 years: OR 0.84, 95% CI
[0.56-1.25]; 80-84 years: OR 0.38, 95% CI [0.26-0.57]; =85 years: OR 0.10, 95% ClI
[0.07-0.15), insurance type, income, tumor grade, CClI, facility type, and geographic region
were no longer significant (Supplemental Table 2).

ALND Omission Cohort

Unadjusted proportions (Table 2) demonstrate a downward trend from 2013-2016 in ALND
rates in women eligible for omission (from 22.5% to 16.9%, p<0.001). Figure 3b shows
unadjusted rates over time, stratified by age, demonstrating that ALND in all age groups
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decreased over time. Similarly, in adjusted models (Table 3), patients eligible for omission
of ALND treated in years subsequent to 2013 were less likely to undergo ALND, with
significantly decreasing odds in the latter years (2015: OR 0.82, 95% CI [0.69-0.99]; 2016:
OR 0.65, 95% CI [0.54-0.78]).

Restricted cubic splines models exploring the relationship between annual hospital volume
and the odds of receiving ALND at a given hospital are shown in Figure 2b. Lower hospital
volume was associated with higher odds of receiving an ALND, with relatively stable use
in hospitals with an annual case volume greater than the median (i.e., 184 cases/year).

In adjusted models using hospital volume as a categorical variable, patients eligible for
omission of ALND treated at medium-volume hospitals were significantly less likely to
undergo ALND than those treated at low-volume hospitals (medium: OR 0.74, 95% CI
[0.60-0.93]; high: OR 0.74, 95% CI [0.55-1.00]), but not at high-volume hospitals. This
relationship roughly follows the curves of the restricted cubic splines models.

Adjusted models also showed that women eligible for omission of ALND who were =85
years of age were as likely to undergo ALND as women 70-74 years of age (Table

3). Hispanic women were at slightly increased odds of undergoing ALND compared to
non-Hispanic whites (OR 1.42, 95% CI [1.02-1.97]). No significant associations were seen
between tumor subtype and ALND receipt, but higher tumor grade (grade 1: REF; grade

2: OR 1.30, 95% CI [1.10-1.54]; grade 3: OR 1.36, 95% CI [1.11-1.68]) and larger tumor
size (T1: REF; T2: OR 1.22, 95% CI [1.06-1.41]) were associated with a higher likelihood
of undergoing ALND. Neither facility location nor minority-serving hospital status were
associated with ALND receipt, but patients seen at an integrated network cancer hospital had
lower odds of undergoing ALND, compared to a comprehensive community cancer center
program (OR 0.75, 95% CI [0.58-0.97).

DISCUSSION

We have demonstrated that among women =70 years of age, use of low-value axillary
surgery over time and its relationship with hospital volume differ by specific axillary
surgical practice in question. Although the odds of undergoing a SLNB decreased
significantly by year of diagnosis, the unadjusted rates of SLNB among those eligible for
omission remained high over time (at approximately 84% overall). ALND rates, however,
were much lower at the outset (20% overall) and significantly decreased over the study
period. Our results also highlight the lack of significance in chronologic age in ALND use
in contrast to the clear difference in SLNB use by age. The specific associations between
axillary surgery practices and increasing annual hospital volume were different for ALND
and SLNB, as illustrated by our restricted cubic splines models, but patients treated in
low-volume hospitals had higher odds of undergoing an SLNB and ALND despite being
eligible for omission.

ALND rates in patients undergoing BCS with cT1-2N0 disease have decreased dramatically
since the early 2000s, with retrospective analyses showing rates of up to 85% of completion
ALND prior to the publication of Z0011.26-30 Rates subsequently dropped to approximately
29.6% in the NCDB in 2012.30 Time from publication is not likely an important factor
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as the ACOSOG Z0011’s 5-year results were published in 20116 and 10-year follow-up
published in 2017° and the 5-year results of CALGB 9343 were published in 2004, and
10-year results were published in 2013lt is possible that the lack of change in SLNB rates
stems from the fact that CALGB 9343, which is perhaps the most often cited trial in support
of SLNB omission in older adults in the U.S., was designed as an omission of RT trial, not
an omission of axillary surgery.

We also found that chronologic age was a significant factor in SLNB use amongst women
eligible for omission, similar to previous studies.?2:31:32 The significance of this finding,
however, comes when contrasted with the lack of association with age in the ALND
Omission cohort. That patients who are =85 years of age are just as likely as a patients
who are 70-74 years of age to undergo an ALND when meeting Z0011 criteria, while
patients =85 years of age are much less likely than patients 70-74 years of age to undergo a
SLNB, begs the question of how chronologic and physiologic age have been evaluated and
factored into treatment decision-making in recent years. In addition, greater comorbidity
was associated with lower SLNB rates, but not ALND rates. Why comorbidities are

not associated with decision-making in a procedure with higher morbidity warrants more
investigation. In addition, the decision to omit an ALND after a positive SLNB is more
traditionally surgeon-driven (i.e. ALND is not traditionally “offered” after a pathology
report of <2 positive LNSs), while the decision to omit SLNB in cTINO HR+ patients may
viewed as one that is patient-sensitive, given that regional recurrence rates are nominally
higher when axillary surgery is omitted.3 The magnitude of patient preference and self-
perceived patient health as a contributor of SLNB rates thus deserves more scrutiny.

We also tested whether low-volume hospitals had higher rates of low-value care. Although
the volume-quality relationship in surgery is more often attributed to the peri-operative care
processes that develop around high-risk procedures at high-volume centers,33:34 association
between higher hospital volume and lower breast cancer mortality is likely driven by
different mechanisms (e.g., as Greenup et al.19 speculate, the complex multidisciplinary
aspects of breast oncology require evaluation from a hospital-level, where the sum of the
components of care are more likely more influential than any single provider). Our findings
suggest that this volume-quality relationship might extend to certain low-value surgical
practices as well; while these are decisions that could be attributable to a single surgeon,
the anticipated adjuvant treatment decisions can influence surgical decision-making,3® thus
making this question of low-value surgery relevant to a multidisciplinary arena. As is
well-known in this body of literature, however, the volume-quality relationship can be

very dependent on how hospital volume is defined.3 In our adjusted analyses examining
hospital volume as a categorical variable, there was no significant difference between high-
volume and low-volume hospitals with respect to ALND rates, and no significant association
between volume and SLNB in the SLNB Omission population. However, our restricted
cubic splines models illustrate that when volume is examined as a continuous variable,
patients treated at very low volume hospitals (<200 cases/year) appear to have higher odds
of undergoing an ALND and SLNB. In this range, hospital volume may represent the work
of single high-volume surgeons in a given hospital or of multiple low-volume surgeons, thus
rendering it unclear whether the practice of a single surgeon or a given hospital setting or
culture is a better target for intervention.
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Not only do barriers to de-implementation in these particular settings need to be explored
(lack of knowledge of the Choosing Wisely recommendations, malpractice environment,
financial incentives, or preferences of certain patient populations may all be significant
factors), but effective interventions for low-volume hospitals also need to be developed.
De-implementation interventions piloted in other settings have included patient cost-sharing,
patient education, pay-for-performance measures, electronic health-record-based decision
support tools, and clinician education.36:37 As our study illustrates, low-value care practices
are unique and interventions must be tailored to their drivers. The fact that both axillary
surgery practices seem to be more problematic at low-volume hospitals, may point away
from patient preference as the sole driver, but more to clinician-controlled factors, at

least in these environments. Although lack of knowledge may be driving this and that
simple clinician education may be the key, but when explored in a cluster randomized

trial, educational interventions were initially effective but the effects waned over time.38
Moreover, Smith et al, in their qualitative study examining barriers and facilitators to
de-implementation practices in breast surgery, including Z0011 and CALGB 9343 practices,
suggested that lack of knowledge was not a significant barrier.39 While this study mainly
included high-volume surgeons, it supports the idea that the perception of the quality of

the data supporting these practices is a larger problem than simple lack of knowledge.3?
Successful de-implementation will likely need multi-level interventions, not only at the
patient or provider level, but at the level of the health system as well. Complicating these
efforts is the fact that the goal is not to get to zero. Multiple disease (e.g. extranodal
extension), patient (e.g. patient preference or physiologic age), or treatment factors (e.g.
need for nodal status to make adjuvant treatment decisions)3° may signal the need for a more
aggressive approach. More detailed review of large experiences with these cohorts will be
necessary to help to quantify what a truly “appropriate” rate may be.

Limitations to our study include the following. First, variable coding the extent of axillary
surgery in the NCDB may contain coding errors and inconsistencies that may have affected
the results of our study. Second, certain factors that are not captured in this dataset (e.g.,
frailty status, functional status) could significantly factor into clinical decision-making. This
supports the need for capture of geriatric-specific concerns in large datasets. Third, the
NCDB captures data from CoC-accredited hospitals and patients with missing data were
excluded from our cohorts; the study populations may thus not be representative of the
whole U.S. population. Fourth, there exists no gold-standard for defining hospital volume

in categorical terms and thus “low,” “medium”, and “high” designations may be considered
largely arbitrary. This was, however, the reason behind including the restricted cubic splines
models. Fifth, treatment decisions can turn on data that are not readily available (e.g.,

size of lymph node disease deposit, whether medical or radiation oncologists involved in
patient care had input on surgical decision, patient preference). Finally, surgeon-volume and
hospital-volume effects may be significantly intertwined but we are unable to extricate one
from the other given the variables available in the NCDB.
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While omission of ALND in eligible patients has decreased over time, omission of SLNB

in eligible patients has been relatively static over time. Both practices appear to be more
successfully de-escalated in higher-volume hospitals. While our findings reinforce the idea
that de-implementation efforts should be practice-specific, interventions targeting lower
volume CoC hospitals should be prioritized. Additional studies to identify effective practice-
specific de-implementation strategies are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SYNOPSIS

The variation by hospital volume and over time in two axillary de-escalation surgical
practices in older adults is described. SLNB rates remained static over time and after
stratifying by age, but ALND rates decreased similarly across all age groups.
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Figure 1:
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*Reference point set at median hospital volume for each procedure

CL: 95% confidence limit

Ann Surg Oncol. Author manuscript; available in PMC 2023 October 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Minami et al.

100%
@ —— ——
O— = —e
50% ‘ —_——— = T
80%
. A\‘—_ & :
®
-
o 70%
-4
—_
7]
60%
50% \ ® +
Year of Diagnosis
40%
2013 2014 2015 2016
~—70-74 94.0% 94.1% 93.8% 92.2%
—-75-79 91.0% 90.0% 89.3% 88.8%
—4—-80-84 78.6% 75.5% 76.6% 76.0%
—4—>=85 53.1% 49.2% 48.3% 49.1%
—Total 85.1% 84.1% 84.4% 83.8%
Figure 3a:

Page 16

=8=70-74
=i=75-79
= =80-84
——>=85
—Total

Trends Over Time in Sentinel Lymph Node Biopsy (SLNB) in Patients =70 Years of Age
with cTINO Hormone Receptor-Positive Disease by Age

Ann Surg Oncol. Author manuscript; available in PMC 2023 October 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Minami et al.

26%

24%

22%

20%

18%

ALND rates

16%
14%
12%

10%

——70-74

75-79
== 80-84
——>=85 |
| e Total

Figure 3b:

2013
23.0%
21.6%
22.0%
23.4%
22.5%

2014
22.7%
22.9%
19.3%
12.7%
21.5%

Year of Diagnosis

2015
20.9%
19.6%
19.0%
17.8%
20.0%

2016

17.8%
15.4%
18.2%
15.7%
16.9%

Page 17

=0—70-74

75-79
== 80-84
——>=85

e Total

Trends over Time in Axillary Lymph Node Dissection (ALND) in Patients =70 Years of Age
with ¢T1-2N0, <2 Positive Lymph Nodes Undergoing Breast Conserving Surgery by Age

Ann Surg Oncol. Author manuscript; available in PMC 2023 October 06.



Minami et al. Page 18

Table 1:

Baseline Characteristics of Patients 70 Years of Age or Older Diagnosed with Breast Cancer, 2013-2016, by
Low-Value Axillary Surgery Practice
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ALND Omission Cohort: SLNB Omission Cohort:
BCS Patients with cT1-2N0O, <2 + LNs | Patients with cTINO HR+ Disease (%6)
(%) (N=7,216) (N=44,779)

Patient Characteristics
Age

70-74 3,286 (45.5) 17,073 (38.1)

75-79 2,200 (30.5) 14,572 (32.5)

80-84 1,158 (16.1) 8,131 (18.2)

285 572 (7.9) 5,003(11.2)
Race

Non-Hispanic White 5,978 (82.8) 37,815 (84.4)

Non-Hispanic Black 605 (8.4) 3,051 (6.8)

Hispanic 274 (3.8) 1,434 (3.2)

Other 269 (3.7) 1,930 (4.3)

Unknown 90 (1.3) 549 (1.2)
Year of Diagnosis

2013 1,545 (21.4) 10,177 (22.7)

2014 1,759 (24.4) 10,692 (23.9)

2015 1,916 (26.6) 11,642 (26.0)

2016 1,996 (27.7) 12,268 (27.4)
Insurance status

Private 731 (10.1) 4,396 (9.8)

Government 6,377 (88.4) 39,773 (88.8)

None/Other 108 (1.6) 610 (1.4)
Median income

<$40,000 1,045 (14.5) 6,502 (14.5)

>=$40,000 6,106 (84.6) 37,807 (84.4)

Unknown 65 (0.9) 470 (1.1)
Education

>80% high school graduation rate 6,029 (83.6) 37,577 (83.9)

<=80% high school graduation rate 1,129 (15.7) 6,805 (15.2)

Unknown 58 (0.8) 397 (0.9)
Charlson-Deyo Comorbidity Index

0 5,465 (75.7) 34,534 (77.1)

1 1,304 (18.1) 7,497 (16.7)

>=2 447 (6.2) 2,748 (6.1)
Urban/Rural status

Metropolitan county 6,026 (83.5) 37,354 (83.4)
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ALND Omission Cohort: SLNB Omission Cohort:
BCS Patients with cT1-2N0O, <2 + LNs | Patients with cTINO HR+ Disease (%6)
(%) (N=7,216) (N=44,779)
Urban 897 (12.4) 5,498 (12.3)
Rural 118 (1.6) 782 (1.8)
Unknown 175 (2.43) 1,145 (2.6)
Disease Characteristics
ER/PR/HER-2 status
HR+/HER2+ 694 (9.6) N/A
HR+HER2- 4,783 (66.3) N/A
HR-/HER2+ 109 (1.5) N/A
HR-/HER2- 369 (5.11) N/A
Unknown 1,261 (17.5) 0
Tumor Grade
1 1,625 (22.5) 17,158 (38.3)
2 3,753 (52.0) 22,389 (50.0)
3 1,562 (21.7) 3,544 (7.9)
Unknown 276 (3.8) 1,688 (3.8)
Tumor Stage
T1 5,397 (75.8) 100
T2 1,819 (25.2) N/A
Hospital Characteristics
Minority Serving Hospital
Yes 389 (5.4) 2,433 (5.4)
No 6,827 (94.6) 42,346 (94.6)
Facility Type
Comprehensive Community Cancer Center Program 764 (47.9) 21,120 (47.2)
Academic/Research 1,951 (30.3) 12,237 (27.3)
Community Cancer Program 764 (10.6) 4,713 (10.5)
Integrated Network Cancer Program 1,048 (14.5) 6,709 (15.0)
Facility Location
Northeast 1,509 (20.9) 10,458 (23.4)
Midwest 1,944 (34.6) 11,768 (26.3)
South 2,498 (26.9) 15,338 (34.3)
West 1,265 (17.5) 7,215 (16.1)
Hospital Volume
Low-Volume 1,839 (25.5) 11,546 (25.8)
Medium-Volume 3,579 (49.6) 21,802 (48.7)
High-Volume 1,798 (24.9) 11,431 (25.5)

Abbreviations: BCS: breast-conserving surgery; LN: lymph nodes; HR: hormone receptor
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Table 2:

Page 20

Unadjusted Proportions of Patients 70 Years of Age or Older Diagnosed with Breast Cancer, 2013-2016,
Undergoing Low-Value Axillary Surgery by Cohort

ALND Omission Cohort:
ALND in BCS Patients =70 years with cT1-

SLNB Omission Cohort:
SLNB in Patients >70 Years, TINO HR+

2NO, <2 + LNs Disease
ALND No ALND SLNB No SLNB
(N=1,446, 20.0%) (N= 5770, 80.0%) (N= 137,758, 84.3%) (N=7,021, 15.7%)

Patient Characteristics
Age (not sig for ALND)

70-74 687 (21.9) 2,599 (79.1) 15,957 (93.5) 1,116 (6.5)

75-79 433 (19.7) 1,767 (80.3) 13,072 (89.7) 1,500 (10.3)

80-84 226 (19.5) 932 (80.5) 6,233 (76.7) 1,898 (23.3)

285 100 (17.5) 473 (82.5) 2,496 (49.9) 2,507 (50.1)
Race

Non-Hispanic White 1,180 (19.7) 4,798 (80.3) 31,970 (84.5) 5,845 (15.5)

Non-Hispanic Black 126 (20.8) 479 (79.2) 2,523 (82.7) 528 (17.3)

Hispanic 74 (27.0) 200 (73.0) 1,202 (83.8) 232 (16.2)

Other 55 (21.5) 214 (79.6) 436 (79.4) 113 (20.6)

Unknown 11 (12.2) 79 (87.8) 1,627 (84.3) 303 (15.7)
Year of Diagnosis

2013 347 (22.5) 1,198 (77.5) 8,661 (85.1) 1,516 (14.9)

2014 378 (21.5) 1,381 (78.5) 8,987 (84.1) 1,705 (16.0)

2015 383 (20.0) 1,533 (80.0) 9,824 (84.4) 1,818 (15.6)

2016 338 (16.9) 1,658 (83.1) 10,286 (83.8) 1,982 (16.2)
Insurance status

Private 145 (19.8) 586 (80.2) 3,810 (86.7) 586 (13.3)

Government 1,278 (20.0) 5,099 (80.0) 33,465 (84.1) 6,308 (15.9)

None/Other 23 (21.3) 85 (78.7) 483 (79.2) 127 (20.8)
Median income

<$40,000 226 (21.6) 819 (78.4) 5,440 (83.7) 1,062 (16.3)

>=$40,000 1,210 (19.8) 4,896 (80.2) 31,913 (71.3) 5,894 (15.6)

Unknown 10 (15.4) 55 (84.6) 405 (86.2) 65 (13.8)
Education

>80% high school graduation rate 1,206 (20.0) 4,823 (80.0) 31,715 (84.4) 5,862 (15.6)

<=80% high school graduation rate 230 (20.4) 899 (79.6) 5,697 (83.7) 1,108 (16.3)

Unknown 10 (17.2) 48 (82.8) 346 (87.2) 51 (12.9)
Charlson-Deyo Comorbidity Index

0 1,087 (19.9) 4,378 (80.1) 29,194 (84.5) 5,340 (15.5)

1 272 (20.9) 1,032 (79.1) 6,388 (85.2) 1,109 (14.8)

>=2 87 (19.5) 360 (80.5) 2,176 (79.2) 572 (20.8)
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ALND Omission Cohort: SLNB Omission Cohort:
ALND in BCS Patients =70 years with cT1- SLNB in Patients _>7O Years, TINO HR+
2NO0, <2 + LNs Disease
ALND No ALND SLNB No SLNB
(N=1,446, 20.0%) (N= 5770, 80.0%) (N= 137,758, 84.3%) (N=7,021, 15.7%)
Urban/Rural status
Metropolitan county 1,207 (20.0) 4,819 (80.0) 31,298 (83.8) 6,056 (16.2)
Urban 175 (19.5) 722 (80.5) 4,866 (88.5) 632 (11.5)
Rural 25 (21.2) 93 (78.8) 690 (88.2) 92 (11.8)
Unknown 39 (22.3) 136 (77.7) 904 (78.9) 241 (21.1)
Disease Characteristics
ER/PR/HER-2 status
HR+/HER2+ 152 (21.9) 542 (78.1) N/A N/A
HR+HER2- 916 (19.2) 3,867 (80.9) 37,758 (84.3) 7,021 (15.7)
HR-/HER2+ 30 (27.5) 79 (72.5) N/A N/A
HR-/HER2- 88 (23.9) 281 (76.2) N/A N/A
Unknown 260 (20.6) 1,001 (79.4) N/A N/A
Tumor Grade
1 272 (16.7) 1,353 (83.3) 14,292 (83.3) 2,866 (16.7)
2 771 (20.5) 2,982 (79.5) 19,108 (85.4) 3,281 (14.7)
3 354 (22.7) 1,208 (77.3) 3,063 (86.4) 481 (13.6)
Unknown 49 (17.8) 227 (82.3) 1,295 (76.7) 393 (23.3)
Tumor Stage
T1 1,031 (19.1) 4,366 (80.9) 37,758 (84.3%) 7,021 (15.7%)
T2 415 (22.8) 1,404 (77.2) N/A N/A
Hospital Characteristics
Minority Serving Hospital (not sig
for SLNB)
Yes 101 (26.0) 288 (74.0) 2,071 (85.1) 362 (14.9)
No 1,345 (19.7) 5,482 (80.3) 35,687 (84.3) 6,659 (15.7)
Facility Type
Comprehensive Community 698 (20.2) 2755 (79.8) 18087 (85.6) 3033 (14.4)
Cancer Center Program
Academic/Research 378 (19.4) 1573 (80.6) 9886 (80.8) 2351 (19.2)
Community Cancer Program 188 (24.6) 576 (75.4) 4075 (86.5) 638 (13.5)
Integrated Network Cancer 182 (17.4) 866 (82.6) 5710 (85.1) 999 (14.9)
Program
Facility Location
Northeast 301 (20.0) 1208 (80.1) 8217 (78.6) 2241 (21.4)
Midwest 414 (21.3) 1530 (78.7) 10089 (85.7) 1679 (14.3)
South 495 (19.8) 2003 (80.2) 13289 (86.6) 2049 (13.4)
Wiest 236 (18.7) 1029 (81.3) 6163 (85.4) 1052 (14.6)

Hospital Volume
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ALND Omission Cohort: SLNB Omission Cohort:
ALND in BCS Patients =70 years with cT1- SLNB in Patients >70 Years, TINO HR+
2NO, <2 + LNs Disease
ALND No ALND SLNB No SLNB
(N=1,446, 20.0%) (N=5770, 80.0%) (N= 37,758, 84.3%) (N=7,021, 15.7%)
Low-Volume 442 (24.0) 1397 (76.0) 9851 (85.3) 1695 (14.7)
Medium-Volume 676 (18.9) 2903 (81.1) 18511 (84.9) 3291 (15.1)
High-Volume 328(18.2) 1470 (81.8) 9396 (82.2) 2035 (17.8)

Abbreviations: ALND: axillary lymph node dissection; BCS: breast-conserving surgery; LN: lymph nodes; HR: hormone receptor; SLNB: sentinel

lymph node biopsy

*
p<0.05 for comparison by column
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Table 3:

Adjusted Logistic Regression Predicting Receipt of Axillary Surgery in Patients 70 Years of Age or Older
Diagnosed with Breast Cancer, 2013-2016, by Low-Value Practice
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ALND Omission Cohort: SLNB Omission Cohort:
ALND in Patients =70 Years with SLNB in Patients >70 Years, TINO HR+
cT1-2N0, €2 + LNs Disease
(N=7,216) OR [95% CI] (N=44,779)OR [95% CI]
Patient Characteristics
Age
70-74 REF REF
75-79 0.91 [0.78-1.05] 0.59 [0.54-0.64]
80-84 0.89 [0.74-1.07] 0.19[0.18-0.21]
>85 0.73[0.57-0.95] 0.05 [0.04-0.05]
Race/Ethnicity

Non-Hispanic White

REF

REF

Non-Hispanic Black

0.99 [0.78-1.27]

0.90 [0.79-1.02]

Hispanic 1.42 [1.02-1.97] 0.88 [0.73-1.05]

Other 1.02 [0.72-1.44] 1.02 [0.87-1.21]

Unknown 0.53 [0.27-1.03] 0.68 [0.53-0.86]
Year of Diagnosis

2013 REF REF

2014 0.93 [0.77-1.11] 0.86 [0.79-0.94]

2015 0.82 [0.69-0.99] 0.82 [0.75-0.89]

2016 0.65 [0.54-0.78] 0.76 [0.70-0.83]
Insurance status

Private REF REF

Government 1.08 [0.87-1.34] 0.88 [0.79-0.98]

None/Other 1.06 [0.60-1.86] 0.59 [0.45-0.76]
Median income

<$40,000 REF REF

>=$40,000 0.90 [0.73-1.11] 1.16 [1.05-1.29]

Unknown N/A 0.99 [0.50-1.96]
Education

>80% high school graduation rate REF REF

<=80% high school graduation rate

0.93 [0.75-1.14]

0.98 [0.88-1.08]

Unknown N/A 1.18 [0.56-2.51]
Charlson-Deyo Comorbidity Index

0 REF REF

1 1.02 [0.86-1.20] 0.96 [0.88-1.04]

>=2 0.97 [0.74-1.26] 0.60 [0.53-0.67]
Urban/Rural status
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ALND Omission Cohort:
ALND in Patients =70 Years with

SLNB Omission Cohort:
SLNB in Patients >70 Years, TINO HR+

cT1-2N0, €2 + LNs Disease
(N=7,216) OR [95% CI] (N=44,779)OR [95% CI]
Metropolitan county REF REF

Urban 0.93 [0.75-1.16] 1.28 [1.14-1.44]
Rural 1.03 [0.61-1.73] 1.16 [0.89-1.50]
Unknown 1.18[0.78-1.79] 1.04 [0.85-1.28]

Disease Characteristics

ER/PR/HER-2 status
HR+/HER2+ REF N/A
HR+/HER2- 0.92 [0.74-1.14] N/A
HR-/HER2+ 1.52[0.91-2.53] N/A
HR-/HER2- 1.09 [0.78-1.52] N/A
Unknown 0.97 [0.75-1.27] N/A
Tumor Grade
1 REF REF
2 1.30 [1.10-1.54] 1.34 [1.26-1.43]
3 1.36 [1.11-1.68] 1.55 [1.37-1.75]
Unknown 0.94 [0.64-1.36] 0.65 [0.56-0.76]
Tumor Stage
T1 REF N/A
T2 1.22 [1.06-1.41] N/A

Hospital Characteristics

Minority Serving Hospital

Program

Yes 1.31[0.92-1.87] 1.08 [0.84-1.37]

No REF REF
Facility Type

Comprehensive Community Cancer Center REF REF

Academic/Research

0.93[0.73-1.17]

0.67 [0.56-0.80]

Community Cancer Program

1.06 [0.80-1.40]

1.01 [0.83-1.22]

Integrated Network Cancer Program

0.75 [0.58-0.97]

0.89 [0.74-1.06]

Facility Location
Northeast 0.99 [0.77-1.26] 0.57 [0.48-0.67]
Midwest 1.13[0.91-1.41] 1.05 [0.90-1.23]
South REF REF
West 0.93 [0.72-1.20] 0.96 [0.80-1.15]

Hospital Volume

Low-Volume

REF

REF

Medium-Volume

0.74 [0.60-0.93]

0.96 [0.83-1.13]

High-Volume

0.74 [0.55-1.00]

0.86 [0.69-1.08]
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Abbreviations: ALND: axillary lymph node dissection; BCS: breast-conserving surgery; LN: lymph nodes; HR: hormone receptor; SLNB: sentinel
lymph node biopsy
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